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(54) Fuel-injection valve 

(57) A fuel-injection valve (100) includes a fuel- 
injection hole (2), a valve element (4) and a valve seat 
(3) for opening and closing the fuel-Injection hole, a 
force-applying member (12) for applying force to the 
valve element In a direction of motion of the valve ele- 
ment, and a drive unit (5, 10, 14. 15) for applying force 
to the valve element (4) in the direction opposite to tliat 
of the force applied by the force-applying member; 
wherein a secondary oscillation system (13, 17), which 
Interacts with a primary oscillation system (14, 12) 
Including the valve element (4) and the force-applying 
member (12), Is added to the primary oscillation sys- 
tem, and the phase angle of force applied to the primary 
oscillation system by the secondary oscillation system 
is also staggered from that of force applied to the pri- 
mary oscillation system, whicii is other than the force 
applied to the primary oscillation system by the second- 
ary oscillation system,; whereby the bouncing of the 
valve element during opening and closing of the valve is 
reduced, which in turn makes it possible to achieve very 
accurate fuel-injection control. 
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BACKGROUND OF THE INVENTION 

5 [0001 J The present invention relates to a fuel valve injection valve for injecting fuel burned In an internal combustion 
engine, and especially to a technique suitable for preventing the secondary fuel injection. 

[0002J Japanese Patent Application Lald-Open Hei 1 -1 594060 discloses an electromagnetic fuel-injection valve for 
opening/closing a valve seat part based on an ON/OFF signal for the duty which is obtained by an control unit In this 
electromagnetic valve, a nnagnetic circuit is composed of a yoke with a bottom part, a core with a plug part to fill the 
10 aperture of the yoke and with a cylinder extending through the core center line, and a plunger facing the core, separated 
by a gap. A spring is inserted inside the cylinder of the core, and the spring exerts pressure on a movable element of 
the valve, which is composed of the plunger, a rod, and a bail member, towards the face of the valve seat. The top part 
of tiie spring, on the side opposite the plunger, contacts the bottom part of a spring-adjuster Inserted in the cylinder of 
the core, and adjusts the load set to the spring. A coil for exciting the magnetic circuit is wound outside the core and 
15 Inside the yoke. In the bottom part of the yoke, there is a plunger hole for admitting the plunger, along with a valve-guide 
hole to admit a stopper and a valve guide, which penetrates the bottom part of the yoke, and whose diameter is larger 
than that of the plunger hole. The stopper is provided to set the lift value (the stroke) of the ball-valve, and the thickness 
of the stopper Is set as such that the top of the plunger does not directly contact the bottom of the core when the mov- 
able element of the valve is pulled upward. On the rod, there is a stopping face which butts against the stopper. The 
20 valve guide is a housing for containing the ball valve, a fuel-swiri-flow generating element for applying a swiriing force 
to the fuel, and on the rod, the stopping face of the rod; and a valve-seat face and a fuel-injection hole are also located 
at the bottom of the valve guide. 

[0003] In the above conventional technique, only the spring is inserted between the bottom of the spring adjuster 
and the plunger. 

25 [0004] In an electromagnetic fuel-Injection valve (hereafter referred to simply as injection valve) including the injec- 
tion valves according to the above conventional technique, the bouncing tends to occur when the stopping face of the 
rod butts against the stopper during the valve-opening operation, or when the valve element is seated on the valve-seat 
face during the vaive-closing operation. If the bouncing occurs when the valve element Is seated on the valve-seat face, 
a secondary fuel Injection occurs after the Intended Injection, and which in turn makes It difficult to accurately control 

30 fuel injection. Also, if the bouncing occurs when the stopping face of the rod butts against the stopper, this also makes 
it difficult to accurately control fuel injection. A structure devised to suppress the bouncing has not yet been attempted. 

SUMMARY OF THE INVENTION 

35 [0005] The object of the present invention is to provide a fuel-injection valve which Is capable of suppressing a sec- 
ondary fuel injection and accurately controlling the injection of fuel. 

[0006] To attain the above object, the present invention provides a secondary oscillation system including a valve 
element and a force-applying member for applying force to the valve element, which can apply force to a primary oscil- 
lation system. Further, the secondary oscillation system is composed such that the phase angle of oscillation generated 
40 by the secondary oscillation system is different from that in the primary oscillation system, so as to suppress the bounc- 
ing of the primary oscillation system, 

[0007J To suppress the bouncing, there is a linked movable member which can moves almost simultaneously in the 
same direction as the valve element located between the valve element for opening/closing the fuel-injection hole and 
a spring that presses the valve element against a valve seat, and there is also an elastic member whose fonn can be 
45 deformed in the direction of motion of the valve element located between the movable member and the valve element, 
[0008] Also, there is a linked movable member which can move almost simultaneously in the same direction as the 
valve element located between the valve element for opening/closing the fuel-injection hole and a spring that presses 
the valve element against a valve seat, and a damping force is exerted against the movement of the linked movable 
member. 

50 [0009J Here, the "linked movable member" means that the movable member moves along with the opening/closing 
operation of the valve element, but the movement of the movable member need not completely coincide with that of the 
valve element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0010] 

Fig. 1 is a vertical cross section of an electromagnetic fuel-injection valve of an embodiment according to the 
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present Invention. 

Fig. 2 is a diagram showing a dynamic model of a system with two degrees of freedom. 
Fig. 3 is a diagram depicting the graph (a) showing the movement trajectory of the linked movable member and the 
graph (b) showing the movement trajectory of the valve element, which are simulated with the dynamic model 
5 shown In Rg 2. 

Rg. 4 is a three-dimensional graph showing changes in the amount xT of the secondary fuel injection obtained by 
simulations in which the mass quantity m2 of the mass 32 and the spring constant k1 of the spring 31 is given and 
fixed, and the mass quantity ml of the mass 30 and the spring constant k2 of the spring 33 are parametricaliy 
changed. 

10 Fig. 5A is a vertical cross section of an electromagnetic fueMnjectlon valve of another embodiment according to the 
present invention, in which the spring 17' is made of a plate spring. 
Fig. 5B is a horizontal cross section of the plate spring 1 7' viewed from the line A - A'. 

Fig. 6 is an Illustration showing the process of suppressing the bouncing in the state transition depicted from the 
diagram (a) showing the open-valve state to the diagram (e) showing the closed-valve state, which is achieved by 
IS the fuel-injection valve shown in Rg. 5. 

Fig. 7A is a graph showing changes in the displacement of the valve element without the plate spring 1 7 in the fuel- 
injection valve shown In Rg. 5. 

Fig. 7B is a graph showing changes in the displacement of the valve element with the plate spring 17 in the fuel- 
injection valve shown In Rg. 5. 

20 Rg. 8 is an illustration showing the process of suppressing the bouncing in the state transition depicted from the 
diagram (a) showing the close-valve state to the diagram (e) showing the open-valve state, which is achieved by 

the fuel-injection valve shown in Rg. 5. 

Fig. 9A is a graph showing changes in the displacement of the valve element without the plate spring 1 7 in the fuel- 
injection valve shown In Rg. 5. 

25 Rg. 96 is a graph showing changes In the displacement of the valve element with the plate spring 17 in the fuel- 
injection valve shown in Rg. 6. 

Rg. 1 0 is a diagram showing another example of the composition of the spring 1 7. 
Fig. 1 1 is a diagram showing another example of the composition of the spring 1 7. 
Rg. 1 2 is a diagram showing another example of the composition of the spring 17. 
JO Fig. 13 Is a diagram showing an example of the composition of a mechanism for preventing the occurrence of a 
centering error between the spring adjuster and the spring. 

Fig. 14 is a diagram showing another example of the composition of a mechanism for preventing the occurrence of 
a centering en^r between the spring adjuster and the spring. 

Rg. 15 Is a diagram showing the composition of an internal combustion engine using the electromagnetic fuel- 
35 injection valve according to the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[001 1] Hereafter, details of the embodiments will be explained with reference to the drawings. 

40 [0012] Rg. 1 shows an electromagnetic fuel-Injection valve of an embodiment according to the present invention. 
In this, the side on which there is a fuel-injection hole 2, and the side on which the valve element 4 and the fuel-feeding 
inlet 16 are located opposite to the fuel-injection hole 2 are defined as the lower and upper sides, respectively, of the 
electromagnetic fuel-injection valve. Further, the valve axis direction or the direction along the valve axis means the 
direction in which the valve element is driven (the up/down direction). 

45 [001 3] In the electromagnette fuel-injection valve 1 00 (hereafter referred to simply as the fuel-injection valve), there 
are an outer cylindrical Iron core 14 with a bottom part, which also serves as the casing of the fuel-injection valve 100; 
an inner cylindrical iron core 10 provided Inside the outer iron core 14 (referred to as the yoke 14), in which there is a 
hole penetrating and extending through the center of the inner iron core 10 (refen-ed to simply as the core 10); and a 
coil 15 inside the outer Iron core 14 and outside the inner Iron core 10. On the bottom part of the outer iron core 14, 

so there is a small-diameter hole 28 as well as a large-diameter hole 29 under the hole 28. Furthermore the valve element 
composed of a movable iron core 5, a rod 6, and a ball 4, Is inserted into and passed through the holes 28 and 29. More- 
over, a nozzle body 1 is Inserted in the larger-diameter hole 29 from the bottom side of the outer iron core 1 4 and fixed, 
and this sun-ounds a stopper 9, which prescribes the stroke of the valve element 4. 

[001 4] The nozzle body 1 is a casing containing the ball 7, a f uel-swiriing-flow generating device 25 in which a fuel 
55 passage for exerting a swiriing force on the fuel is made, and the rod 6. Also, in the bottom of the nozzle body 1 , there 
is a fuel-injection hole 2, as well as a valve seat 3 (a seat face) upstream of the fuel-injection hole 2. The ball 7, which 
closes the fuel-injection hole 2, is connected to the bottom of the rod 6, and the top of the rod 6 is connected to the mov- 
able iron core (the plunger) 5. The ball 7 is guided in the same direction as the valve axis by the inner surface, whfch 
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has a diameter slightly larger than that of the ball 7, and which is nnade Inside the fuel-swirling-flow generating device 
25. Moreover, there is a precision-processed slide surface 24 on the rod 6, and the slide surface 26 of the rod 6 is 
guided in the direction of the valve axis by the inner surface of the nozzle body 1. 

[001 5] On the rod 6, there is a shoulder part 8 facing the stopper 9 above the slide surface 26. The valve element 
4 can slide from the bottom position at which the ball 7 contacts the valve seat 3 to the top position at which the shoulder 
part 8 contacts the stopper 9. The thickness of the stopper 9 is set as such that a gap is fomied between the movable 
iron core 5 and the inner iron core 10 when the valve element 4 Is located at the top position. Fuel is fed from the fuel- 
feed inlet 1 6, and Introduced to the fuel-injection hole 2 through the fuel passages 51 - 59. 

[0016J Further, a seal ring 27 mechanically fixed tb the Inner Iron core 10 and outer Iron core 14 is attached to the 
outer surfaces of the bottom part of the Inner iron core 1 0 and the top part of the movable iron core 5. This seal ring 27 
prevents the fuel from leaking from the contact face between the inner Iron core 10 and the movable Iron core 5 into the 
space containing the coil 15. 

[001 7] In the hole penetrating through the center part of the inner iron core 1 0 along the axis, a spring adjuster 1 1 , 
the first spring 1 2, a linl<ed movable member 1 3, and the second spring 1 7 are disposed. The spring adjuster 1 1 Is fixed 
to the Inside surface of the inner Iron core 10. The top and bottom of the spring 12 contact to the bottom of the spring 
adjuster 1 1 and the top of the linked movable member 1 3, and the spring 1 2 is set In a compressed state. Also, the top 
and bottom of the second spring 1 7 contact the bottom of the linked movable member 1 3 and the top of the valve ele- 
ment 4, and the spring 1 7 is set in a compressed state. The linked movable member 1 3 can slide along the axis In the 
hole penetrating through the center part of the Inner iron core 1 0. 

[0018] The spring force due to the spring 12 is transmitted to the valve element 4 via the linked movable member 
13, and the ball 7 of the valve element 4 Is pressed against the valve seat 3. In this state of the valve element 4, since 
the fuel passage is closed, fuel is not Injected from the fuel-injection hole 2. 

[0019] When current flows in the coll 15, a magnetic circuit is formed by the inner iron core 10, the movable iron 
core 5, and the outer iron core 1 4. Thus, the movable Iron core 5 is pulled toward the Inner iron core 1 0 by electromag- 
netic force, and the valve element 4 moves to the top position. In this state of the valve element 4, since a gap is formed 
between the valve element 4 and the valve seat, the fuel passage is opened, and the fuel is then injected from the fuel- 
injection hole 2. Here, the inner iron core 1 0, the movable iron core 5, and the outer iron core 1 4 are made of magnetic 
material. 

[0020] The fuel-injection valve functions to control the amount of fuel-feeding by changing the position of the valve 
element 4. 

[0021] When changing the position of the valve element 4, a collision between the valve element 4 and the valve 
seat 3, or between the valve element 4 and the stopper 9 occurs. A slight variation in the amount of fuel injected may 
occur due to the bouncing of the valve element 4 in the collision. Therefore, a suppression of that bouncing is desired. 
[0022] The dynamics of the plunger system shown in Fig. 1 can be simulated by replacing the plunger system with 
the dynamic model of a system with the two degrees of freedom shown in Rg. 2. In this model, the spring adjuster 11, 
the first spring 12, the linked movable member 1 3, the second spring 1 7, the valve element 4. and the valve seat 3 are 
represented by the ceiling 34, the spring 33, the mass 32, the spring 31, the mass 30, and the floor 35, respectively. 
The dynamics of the opening operation of the valve element 4 were simulated using this model. 
[0023] Expressing the mass quantity of the mass 32, the displacement of the mass 32, the mass quantity of the 
mass 30, and the displacement of the mass 30, the spring constant of the spring 33, and the spring constant of the 
spring 31 by m2, Xg, m^, x^ ka, and ki, respectively, the equations of motion are described by the following equations 
(1)and(2). 



m 



dt 



(1) 



d'x 



i + k^Xy - k^X2 = 0 



(2) 



[0024] The initial condition is given as such that an upward force is applied to the mass 30, and the springs 31 and 
33 are left In a compressed state. Further, It is assumed that the mass 30 is lifted by a height expressed by h from the 
floor 35. That is, the movable stroke of the valve element 4 is h. 

[0025] Furthermore, it is assumed that the coefficient of rebound between the mass 30 and the floor 35 is 0.5. With 
the above conditions, the equations (1) and (2) of motion are solved, and the motion trajectory 36 of the mass 30 is 
thereby obtained. The height of the first rebound and the time during the rebound are expressed by x and T, respec- 
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tive(y. Since the amount of fuel injected is proportional to the integrated value of the motion trajectory 36 with respect 
to time, the amount of fuel secondarily injected by the rebound can be approximated by the product of x and T By giving 
the values of the spring constants and kg. and the mass quantities m^ and mg of the masses 30 and 32, the motion 
trajectones of the masses 30 and 32 can be calculated, and an example of the results is shown in Rg. 3. The graph (a) 

5 shows the motion trajectory 40 of the mass 32, and the graph (b) shows the motion trajectory 41 of the mass 30. 
[00261 In Fig. 3. T indicates the time interval during the rebound. Thus, the mass 30 is jumping upward from the 
floor 35 -that is. the valve seat 3- for the time intenral T During the rebound, the upper mass 32 acts on the lower mass 
30 so as to press the mass 30 downward. This action of the mass 32 suppresses the rebound of the mass 30. which in 
turn decreases the amount of the fuel secondarily injected by the rebound. 

10 [0027] In the following, steps 91 - 96, which obtain both the values of the spring constants k^ and kg, and those of 
the mass quantities m^ and mg of the mass 30 and the mass 32, which minimize the amount of the fuel secondarily 
injected by the rebound, will be explained. 



75 



25 



Step 91: 



[0028] The amount of the fuel secondarily Injected by the rebound is approximated by the product of x and T shown 
in Rg, 2, and the value of xT is used as an objective function. Further, design variables of the spring constants and the 
mass quantities In the equations of motion for the movable members are parametrlcally changed. 



20 Step 92: 



[0029] A calculation range (lower limit s design s variable upper limit) for each design variable, a calculational step 
and levels are detenmlned. and are written in Table 1 . In Table 1 . the mass quantities mi and mg, and the spring con- 
stant ki are designated as the design variables. If Interactions exist among the design variables (design variables can- 
not be considered as mathematically. Independent), reference numbere of Interacting design variables are written In 
Table 1 1n a coresponding column for designating Interactions. 



Table 1 



30 



35 



40 



No. 


Design Variable 


Upper Limit 


Lower Limit 


Interaction 


Levels 


1 


mi 






2.3 




2 


mg 






3.1 




3 








1.2 





[0030] Next, parametrlcally changing each design variable within Its calculation range, the equations of motion (1) 
and (2) of motion are solved, and the objective function Is calculated for each combination of values for the design var- 
iables. The resultant relational list between values of the objective function and combinations of values for the design 
vanables Is written In Table 2. Table 2 can be also made according to an orthogonal array table used In the design of an 
experiment 



Table 2 



No. 


Design Variables 


Objective Function 




mi 


mg 


ki 


xT 


1 










2 












n 











[0031] An equation expressing a curved surface for estimating the amount of the fuel secondarily injected by the 
rebound is obtained using Chebyshev orthogonal polynomials based on the data in Table 2. 
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Step 94: 

[0032] Table 3 for the analysis of variance is created based on the reiattonal (ist between values of the objective 
function and combinations of values for the design variables in Table 2. Further, the reliability and the confidence lonit 
5 of the obtained equation expressing a curved surface for estimating the amount of the fuel secondarily Injected by the 
rebound are calculated based on Table 3. The values of the reliability and the confidence limit correspond respectively 
to those of the mass quantities m^ and mg, and the spring constants and k2 minimizing the amount of the secondarily 
injected fuel, which is obtained by the process of steps 91 - 96. 

10 Step 95: 

[0033] The obtained equation expressing a curved surface for estimating the amount of the fuel secondarily 
injected by the rebound is graphically expressed along with the region of the design variables minimizing the fuel sec- 
ondarily injected by the rebound: that Is, the conditions of the mass quantities m^ and m2. and the spring constants 

75 and k2 minimizing the amount of the fuel secondarily injected by the rebound are obtained. An example of the graphic 
expression is shown In Rg. 4. This graph shows a three-dimensional graph expressing the amount of the fuel second- 
arily injected by the rebound with respect to the mass quantity m^ of the mass 30 and the spring constant k2 of the 
spring 33, when the mass quantity mg of the mass 32 and the spring constant k^ of the spring 31 are given. The region 
50 of the design variables minimizing the fuel secondarily injected by the rebound Is read off the three-dimensional 

20 graph shown in Rg. 4. If the region 50 does not satisfy the design conditions, another optimal-region candidate is 
searched out. 



Table 3 



25 


Term 


Order of Term 


Variation 


Variance 


Variance-ratio 


Significance 


Contribution Ratio 




mi 


1st 
















2nd 












30 




3rd 














m2 


1st 
















2nd 
















3rd 












35 


ki 


1st 
















2nd 
















3rd 












40 


mi*m2 


1st*1st 
















1st*2nd 
















1st*3rd 
















2nd*1st 












45 




2nd*2nd 
















2nd*3rd 
















3rd*1st 












50 






Error 
















Sum 















55 Step 96: 



[0034] The objective function is calculated with a finer calculation mesh than that used in the above steps for the 
obtained region of the design variables, which was obtained In step 95. 
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[0035] As mentioned above, by using the plunger composition with the two degrees of freedom, It is possible to sup- 
press the secondary fuel-injection due to the rebound, which in turn achieves a stable lean burn. 
[0036] The plate spring 1 T can be used in place of the spring 1 7 as shown in Rg. 6A. and this make a shorter fuel- 
injection ^^Ive 100'possible. The plate spring 17" includes a stopping face against which the bottom of the linked mov- 
able member 13* butts, and. with the stopping face oriented upward, is set inside the hole, which possesses an aperture 
at the top of the movable iron core 5. In this embodiment, the plate spring 1 7' is shaped as a ring plate member which 
possesses notches 1 70 on its Inner periphery as shown in Fig. 5B depicting the A-A' cross section of the plate spring 
^7.The outer peripheral side face of the plate spring 1 7' is fixed to the inner surface of the hole in the top part of the 
movable iron core 5. There are projection parts projecting from the Inner periphery of the plate spring, and they com- 
pose the stopping face against which the bottom of the linked movable member 13' butts. 

[0037] Examples of the processes In which the bouncing of the valve element 4 is suppressed by the linked mova- 
ble member 1 3' and the spring 1 T during the valve-opening/closing operation are explained below with reference to Rg 
6 and Rg. 7. » 

[0038] Rg. 6 shows the process of suppressing the bouncing by depicting the motions of the valve seat 3. the valve 
element 4. the spring 1 2. and the linked movable member 1 3' in the transition state shown from the diagram (a) showing 
the open-valve state, to the diagram (e) showing the closed-valve state. 

(a) When holding the valve open, the valve element 4 is held at the top position by electromagnetic force. 

(b) In the valve moving state, the electromagnetic force is intenrupted. and the valve element 4 and the linked mov- 
20 able member 13' are moved towards the valve seat 3 by the spring force. 

(c) The valve element 4 butts against the valve seat 3. 

(d) Just after the collision, the linked movable member 13' rebounds upward due to the shock of the collision. Rgs. 
7A and 7B show two different cases of displacement changes of the valve element 4 and the linked movable mem- 
ber, respectively. Rg. 7A and Rg. 7B are graphs showing changes in the displacement of the valve element with 
and without the plate spring 17' In the fuel-injection valve shown In Rg. 5, respectively. The secondary oscillation 
system composed of the nnked movable member 13' and the spring 1 T is adjusted such that the chafBcteristic fre- 
quency of this secondary oscillation system Is equal or almost equal to the frequency of the shock force due to the 
collision. For example. It is appropriate to set the mass quantity of the linked movable member 13' and the spring 
constant of the plate spring 1 7' to 0.3 - 1 .5 g and 1 00 - 1 000 kgf/mm. respectively. By these settings, the secondary 
oscillation system functions as a shock absorber. That is, only the linked movable member 13' rebounds signifi- 
cantly upward due to the shock force of the collision, which In turn suppresses the bouncing of the valve element 4 

(e) When holding the valve closed, the linked movable member 1 3' is again held in contact with the valve element 4. 

[0039] The fuel-Injection hole 2 is opened by the bouncing, which In turn causes the secondary and tertiary fuel 
injections. Those two unintentional fuel injections also cause a slight variation in the amount of fuel Injected. Therefore, 
by suppressing the bouncing, an accurate control of the amount of fuel Injected becomes possible. 
[0040] The spring 1 T functions as a plate spring whose Inner peripheral part Is displaced In the valve axis direction 
that IS. It Is bent A load of about 2 - 10 kgf. due to the force caused by the spring 12, the force of Inertia of the linked 
movable member 1 3' and so on, is applied to the Inner peripheral area of the spring 1 7'. If there are no notches 1 70 on 
the inner peripheral part, the stress In the inner peripheral area due to the above load becomes very large, and this 
makes It difficult to maintain the durability of the spring 17'. On the other hand. If the thickness of the spring 17' is 
Increased so as to decrease the stress, the spring constant of the spring 17' becomes to large, and the bounce-sup- 
pressing effect is lost By providing the notches 1 70, the stress generated In the Inner peripheral area of the spring 1 T 
IS reduced. Thus, it has become possible to create a spring with an appropriate spring constant and a high durability in 
45 which there is no high degree of stress. 

[0041] There are three notches In the plate spring 17'. By making the linked movable member 13' contact three 
parts of the spring 1 7', stable contact between the linked movable member 13' and the spring 1 7' can be always attained 
even If the spring Is not completely flat, and the spring constant designated as the design value can be accurately 
attained. Therefore, It is not necessary to precisely control the flatness when fabricating the spring 17'. and this 
decreases Its fabrication cost Thus, the stable bounce-suppressing effect of the fuel-injection valve according to this 
embodiment can be obtained. Further, since the support of the linked movable member 1 3' is stable, the member rarely 
inclines, which in turn prevents the abrasion of the slide portion In the Inner surface of the inner Iron core 1 0. 
[0042] A press working is suitable for fabricating the spring 1 7'at a low cost Although It is difficult to precisely con- 
trol the flatness of the spring 1 7' with a press working, since the precise control of the flatness is not necessary by mak- 
ing the linked movable member 1 3' contact three positions of the spring 1 7', a press working can be used to fabricate 
the spring 1 T. 

[0043] In this embodiment, there is a guide surface for the linked movable member 1 3' on the bottom portion inside 
the spring 17'. Further, there Is a small-diameter portion on the bottom of the linked movable member 13', and this 
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small-diameter portion ts inserted into the inside hole of the spring- 17'. Accordingly, a centering error between the 
spring 1 7'and the linked movable member 1 3' hardiy occurs, and this makes the spring constant of the spring 1 T stable. 
[0044] Moreover, it is possible to guide the outer surface of tiie iinlced movable member 13' along the guide faces 
formed on the inner surface of the movable iron core 5. in this structure, it is desirable to select adequate material for 
the movable iron core 5, or to improve the inner surface of the movable iron core 5, In order to Increase its abrasion 
resistance. 

[0045] Furthermore, it is possible to fabricate the linked movable member 13' and the movable iron core 5 in a 
united structure if this does not cause a problem from the viewpoint of shock- resistance between the linked movable 
member 1 3' and the spring 1 7*, or a problem when detemiining the spring constant during the design of the spring 1 7. 
This structure decreases the number of parts used in making the fuel-Injection valve. 

[0046] Although the bouncing can be suppressed by making use of the viscosity resistance force of the fuel, since 
It is necessary to provide a narrow bypass passage of fuel, precise size-control of the parts or portions composing the 
nan-ow bypass passage is required. Further, since the change In the fuel viscosity due to an increase In the fuel tem- 
perature, etc. makes the bounce-suppressing effect unreliable, a countemieasure to this problem is necessary. 
[0047] Further, it is desirable to chamfer the bottom of the linked movable member 13* as shown in Rg, 5 so as to 
decrease the contact area between the linked movable member 13' and the spring 17. Since this keeps the contact 
area receh/ing the load from the upper parts constant, a stable spring force can be obtained. 
[0043] Furthermore, it Is desirable to reduce the slide-abrasion by applying surface-processing such as quenching, 
nitrification, plating, and so on to at least one among the outer surface of the linked movable member 13', the inner sur- 
face of the Inner iron core 1 0, and the inner surface of the movable iron core 5. 

[0049] Also, it is desirable to reduce the slide-abrasion by applying surface-processing such as quenching, nitrifica- 
tion, plating, and so on to one or both of the butting faces of the linked movable member 1 3' and the spring 1 7*. 
[0050] An example of the bounce-suppressing process is shown in Fig. 6 and Fig. 7, and other processes may be 
possible depending on the spring load, and the shapes of the fuel passage, the magnetb circuit, the stopper, etc. For 
example. It be possible that if the electromagnetic force is interrupted during the open-valve state, the valve element 4 
may become separated from the linked movable member 13', and collides with the valve seat 3 while a very slight gap 
is remaining between the valve element 4 and the linked movable member 13*. In this situation, when the valve element 
4 rebounds from the valve seat 3, since the linked movable member 13' collides with the valve element4 after a short 
time lag, the bouncing is suppressed. 

[0051] Although it Is desirable to set the characteristic frequency of the secondary oscillation system composed of 

the linked movable member 13' and the spring 17' to a frequency near the frequency of the collision force, even when 

it is not a frequency near the frequency of the collision force, the characteristic frequency of the oscillation system can 

still be set to a frequency such that the bouncing of the valve element 4 can be suppressed. 

[0052] Further, the friction force between the linked movable member 1 3' and the inner Iron core 10 can be used as 

a damping force for bounce suppression. In this composition, the spring 17' is not always necessary. 

[0053] If a decrease in the viscosity of the fuel does not cause a severe problem, the viscosity resistance force of 

the fuel between the outer surface of the linked movable member 1 3' and the inner-wall surface of the inner iron core 

1 0 can be used for bounce suppression. Since it is possible to make the linked movable member 1 3'longer by making 

use of the fuel passage space Inside the inner Iron core 1 0, a large and stable fuel-based viscosity resistance force can 

be obtained. In this composition also, the spring 1 7 is not always necessary. 

[0054] In the following, another example of the bounce-suppression process for the valve element 4 will be 
explained with reference to Rg. 8 and Fig. 9. 

[0055] Rg. 8 shows the bounce-suppression process by depicting the motions of the valve seat 3, the valve ele- 
ment 4, the spring 12, and the linked movable member 13' in the transition state shown from the diagram (a) showing 
the closed-valve state, to the diagram (e) showing the open-valve state. 

(a) When holding the valve closed, the valve element 4 are pressed against the valve seat 3 by the spring force. 

(b) In the valve moving state, the valve element 4 and the linked movable member 13' is moved upwards by the 
electromagnetic force. 

(c) The valve element 4 butts against the stopper 9. 

(d) Just after the collision, the linked movable member 1 3* jumps upward due to the force of Inertia. Since the valve 
element 4 is temporarily separated from the linked movable member 13', and the spring force reflecting the valve 
element 4 disappears, the bouncing is suppressed. 

(e) When holding the valve open, the linked movable member 13' is again contacting the valve element 4. 

[0056] Rgs. 7A and 7B show two different cases of displacement changes of the valve element 4 and the linked 
movable member 13', respectively. Fig. 9A and Fig. 9B are graphs showing changes in the displacement of the valve 
element with and without the plate spring 1 7 in the fuel-injection valve shown in Fig. 5, respectively in Fig. 9A, it is seen 
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'l"^! ^''^ "^'"^ """""^"S ^ s'ra'^s end. On the other hand, in the fuel-injection valve 

1 00 with the linked movable member 13'. the bouncing of the valve element 4 is suppressed or completely prevented 
as shown in Rg. 9B. 

[0057J Tp in Rgs. 9A and 9B indteates the time interval of the intenuption of the electromagnetic force to the start- 
5 ing of the motion of the valve element 4 from the closed position to the open position. When it is required that a small 
amount of fuel be injected with a single injection, Tp is shortened. In a conventional fuel-injection valve. If Tp Is signifi- 
cantly shortened, the valve element 4 moves towanis the valve seat 3 during the bouncing. 

[0058] In Fig. 9A. if the electromagnetic force is interrupted at the time point t1 for Tp at which the valve element 4 
possesses a negative speed, the displacement of the valve element 4 changes as shown by the dotted line A and the 
10 time until the valve element 4 reaches the closed position is shortened. Conversely, if the electromagnetic force is inter- 
rupted at the time point t2 for Tp at which the valve element 4 possesses a positive speed, the displacement of the valve 
element 4 changes as shown by the dotted line B. and since a time for changing the speed of the valve element 4 from 
positive to negative is necessary, it takes more time for the valve element 4 to reach the closed position. 
[0059] The bouncing does not occur always in the same manner, and the period or the amplitude of the bouncing 
15 Changes every time. Accordingly, even if the electromagnetic force Is interrupted with the same Tp. the speed of the 
valve element 4 Is different every time. Therefore, the time until the valve is dosed may vary, which in turn may cause 
a slight vanation in the amount of fuel injected. 

[0060] On the other hand, according to this embodiment, since the bouncing is minimal or completely prevented as 
Shown In Rg. 9B. the vah« element 4 can always start toward the closed position from the zero-speed state and the 
so time until the valve Is closed is constant Thus, since the amount of fuel injected is constant for the same Tp It Is 
become possible to accurately control the amount of fuel injected. 

[0061] Although It is desirable that the spring 1 TDe made of metallic material, resin can be used for the spring 1 7' 
If the durability is ensured. Resin is advantageous if the spring constant is set to a comparatively small value 
[0062] The effects obtained by the fuel-Injection valve 100 shown In Rg. 1 are also the same as those obtained bv 
25 the fuel-injection valve 1 00' shown in Rg. 5. ^ 
[0063] Another embodiment of the spring 1 7 Is explained below with reference to Rg. 10. By providing a smaller 
outer-diameter portion (a constricted potion) 1 7" on the bottom part of the linked movable member 1 3", the stiffness of 
the bottom part is decreased, allowing it to possess a spring-nke property. If one attempts to prevent the deterioration 
Of the magnetic property of the movable Iron core 6 due to the remaining processing-strain caused by processing the 

''fJl J° ®"!'®'' * ^"''"9 '^'^ ^ °^ ^ SP""9 to the core 5. it is desirable to use the con- 

stricted portion ir provided in the bottom part of the linked movable member 13" as a spring. In this embodiment a 
large-dlameter portion 61 is also formed below the constricted portion 17", so as to increase the butting area between 
the inked movable member 13" and the valve element 4 (the top face of the rod 6). In this way, the butting pressure 
applied to the bottom face of the linked movable member 1 3" and the top face of the rod 6 can be reduced, which In tum 
prevents butting abrasion. If butting abrasion can be prevented by other measures, the large-diameter portion of the 
linked movable member 1 3" Is not necessary. 

[0064] Further, another embodiment of the spring 1 7 is explained below with reference to Rg. 1 1 In this embodi- 
ment, the spring portion 17"' is composed of a support part 63 and a deformed part 62. The deformed part 62 is bent 
with respect to the support part 63. which functions as a fuksrum. Thus, the deformed part 62 worte as a spring If the 
composition of a spring with a weak spring constant is attempted by adopting the structure of the spring 1 rusinq the 
compression defomiatton. shown In Rg. 1 0. it is Inevitable In some cases that the smaller-diameter portion becomes 
too thin, and the necessary strength cannot be secured. On the other hand, in this embodiment. since the spring 17"' 
uses a force due to a bending defomiation. It is possible to create a comparatively weak spring constant while securing 
the necessary thickness. " 

[0065] Moreover, by providing a convex portion 20 and a concave part 21 in the top part of the valve element 4 (the 
top part of the rod 6) and the bottom part of the linked movable member 13". a fuel-damper region 22 Is foimed 
between ttie convex and concave potions 20 and 21. During the operation of the valve, ttie linked movable member 1 3"' 
may jump upward, apart from the valve element 4. and then butt against the valve element 4, thereby causing the 
boundng In this embodiment, since the fuel inside the fuel-damper region 22 passes through the narrow passage 23 
When the linked movable member 13"' again butts against the valve element 4. the viscosity resistance force of ttie fuel 
effectively works as a damping force. Accordingly, ttie bouncing due to the re-butting between the linked movable mem- 
ber 13 and the valve element 4 can be suppressed. However, this fuel-damper region 22 is not indispensable, and Is 
provided as occastons demand. . 
[0066] Furthermore, another embodiment of the spring 17 is explained below with reference to Fig 12 In this 
55 embodiment, the circular bottom face of the linked movable member 13"" has a convex surface, and the top face of tfie 
rod 6 of the valve element 4 has a flat surface. With the above shapes, a spring function can be obtained due to Hertzian 
contact. According to this embodiment, since the linked movable member 13"" contacts ttie valve element 4 in a line- 
contact manner, botti the member 13"" and ttie valve element 4 contact each other more uniformly on ttie periphery as 
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compared to when the member 13"" and the valve element 4 contacts to each other in a surface-contact manner. Thus, 
the variation in the spring force is small, and a stable bounce-suppression effect can be obtained. 
[0067] In the structure shown in Fig. 1 3, the centering en-or of the spring adjuster 1 1 1s absorbed by the rotation of 
a ball 64, so as not to affect the spring 12 and the components below the spring 12. Moreover, a fuel outlet 65 and a 
fuel bypass passage 66 are now included so that the ball 64 does not close the fuel passage. 
[0068] In the embodiment shown in Fig. 14, to prevent the centering en"or between the spring adjuster 1 1 and the 
spring 1 2, an centering-error prevention part 67 possessing a projecting portion inserted inside the spring 1 2 above the 
linked movable member 1 3 is attached to the bottom of the spring adjuster 1 1 in place of the ball 64 shown in Rg. 1 3, 
The centering-error prevention part 67 and the spring adjuster 11 are fabricated In a united structure, or the centering- 
error prevention part 67 is welded to the spring adjuster 11 . In this embodiment, a fuel passage penetrating the center- 
ing-error prevention part 67 along the axis can be included. 

[0069] In the following, an internal combustion engine of an embodiment using the fuel-Injection valves according 
to the present invention will be explained with reference to Fig. 15, 

[0070] The Internai combustion engine 1000 includes a plurality of cylinders 1002, and each cylinder 1002 also 
includes a piston 1001. an air-intake valve 1003, an ignition plug 1005, and a fuel-Injection valve 100. The air-intake 
valve is opened and closed in synchronization with the reciprocal motion of the piston 1 001 , and Intake air is introduced 
into each cylinder 1002. Fuel is fed to the fuel-injection valve 100 from a fuel feed system composed of a fuel tank, 
pumps, and so on, which are not shown in this figure. Current is fed to the fuel-injection valve 100 by an engine control 
unit 1007 and a fuel-Injection valve-drive circuit 1008, and fuel injection is further perfomied according to the opera- 
tional state of the Internal combustion engine 1000. A mbcture of intake-air and fuel is ignited and bumed with the igni- 
tion plug 1 005. Gas generated by this process is expelled by opening an exhaust valve 1 004. By fabricating an internal 
combustion engine with an electromagnetic fuel-injection valve according to the present invention, an internal combus- 
tion engine with excellent fuel-consumption, engine power, and gas-exhaustion characteristics can be Implemented, 
because the amount of fuel injected can be accurately controlled,. 

[O071] Additionally, although electromagnetic force is used as a means that drives the valve element 4 along the 
axis, use of another drive means can achieve the same effects as those obtained by means of electromagnetic force. 
For example, a drive means for driving the valve element 4 along the axis by using the fuel pressure to create a pressure 
difference between the upper and lower sides of the valve element 4, can be applied to the fuel-injection valve accord- 
ing to the present invention. 

[0072] Although the range of motion along the axis, of the valve element 4 Is determined by the stopper 9, if the 
valve element 4 range of motion is restricted by the bottom face of the inner iron core 10, it will naturally achieve the 
same effects as the above embodiments. 

Claims 

1 . A fuel-injection valve (1 00; 1 00') including a fuel-injection hole (2), a valve element (4) and a valve seat (3) for open- 
ing and closing said fuel-injection hole (2), a force-applying member (12) for applying force in a direction of motion 
of said vaive element (4) to said valve element, and a drive unit (5, 1 0, 14, 1 5) for applying force to said valve ele- 
ment (4) In a direction opposite to that applied by said force-applying member (12), 

wherein a secondary oscillation system (13, 17; 13', 17*; 13", 17"; 13'", 17"'; 13"", 17""), which interacts with a pri- 
mary oscillation system (4, 12) that Includes said valve element (4) and said force-applying member (12), is added 
to said primary oscillation system. 

2. A fuel-lnjectlon valve according to claim 1 , wherein a phase angle of force applied to said primary oscillation system 
(4, 12) by said secondary oscillation system (13. 17; 13', 17'; 13", 17"; IS"'. 17'"; 13"". 17"") is staggered from that 
of force applied to said primary oscillation system (4, 12), which is other than said force applied to said primary 
oscillation system by said secondary oscillation system. 

3. A fuel-Injection valve according to claim 1 , wherein said drive unit Includes a coil (1 5) and an electromagnet with a 
magnetic circuit (6, 1 0, 14); said force-applying member includes a spring (1 2) for pressing said valve element (4) 
against said valve seat (3); said primary oscillation system (4, 12) includes said valve element (4) and said spring 
(12); and said secondary oscillation system (13, 17; 13', 17'; 13". 17"; 13'", 17'"; 13"", 17"") includes a linked mov- 
able member (13; 13'; 13"; 13"'; 13"") provided between said spring (12) and said valve element (4), which can be 
moved In a direction of motion of said valve element (4), and an elastic part (1 7; 1 7'; 1 7*'; 1 7"'; 1 7*"*) functioning as 
a spring, whkjh can defomn in said direction of motion of said valve element (4). 

4. A fuel-injection valve according to claim 3, wherein said elastic part Is a plate spring (1 7'). 
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5. A fuel-injection valve according to claim 3, wherein said valve element (4) indudes a movable Iron core (5) which 
is one of parts composing said magnetic circuit; a concave portion Is provided In the central area of the toppart of 
said movable iron core (5), perpendicular to said direction of motion of said valve element (4); and said elastic part 
which Is set In said concave portion possesses projection parts projecting from the Inner peripheral part of said 

5 elastic part In said direction of motion of said valve element (4). with a partial area of each of said projection parts 
fomilng contact faces which contact the bottom of said Rnked movable member. 

6. A fuel-lnjection valve according to claim 5, wherein a thickness value of said projection parts in said elastic part (17; 
1 7*) Is smaller than a length value of said projection parts. 

;o 

7. A valve element includes a movable Iron core (5) which is one of parts composing said magnetic circuit (5, 1 0, 14); 
and said elastic part provided In said secondary oscillation system and said movable iron core are fabricated in a 

united structure. 

15 8. A fuel-Injection valve according to claim 3, wherein said elastic part (1 7". 1 r\ 1 7"") in said secondary oscillation 
system is included in said linked movable member(13". 13"\ 13""). 

9. A fuel-injection valve according to claim 8, wherein said elastic part in said secondary oscillation system is com- 
posed by shaping a constricted portion (1 7") In said linked movable member (13"), whose cross section perpendte- 

20 ular to said direction of motion of said valve element (4) is smaller than that of other portions of said linked movable 
member (13"). 

10. A fuel-injection valve according to claim 3, wherein said elastic part In said secondary oscillation system is com- 
posed by shaping either the end part of said linked movable member (13""), which Is opposite to said valve element 

25 (4), or the end part of said valve element (4), which Is opposite to said linked movable element (1 3""). into a curved 
surface. 

^ 11. A fuel-Injection valve according to claim 3. wherein a mass quantity of said linked movable member (13; 13'; 13"; 
13'"; 13"") is set within a range of 0.3 - 1.5 g, and a spring constant of said elasttepart(17; 17*; 17"; 17"'; 17"") In 
30 said secondary oscillation system Is set within a range 5 of 100 - 1000 kgf/mm. 

12. A fuel-injection valve according to claim 3, wherein said valve element (4) Includes a movable iron core (5) which 
Is one of parts composing said magnetic circuit (5, 1 0, 1 4); said elastic part (1 7; 1 7'; 1 7"; 1 T"', 1 7"") provided In said 
secondary oscillation system and said movable Iron core (5) are fabricated in a united structure; and surface 

35 processing is applied on the surface of a part of said elastic part (1 7; 1 T; 1 7"; 1 T"; 1 7""), against which said linked 
movable member (13; 13*; 13"; 13"'; 13"") butts, so as to improve the stiffness of said surface of said part. 

13. A fuel-Injection valve according to claim 3. wherein said magnetic circuit includes an inner iron core (1 0) provided 
Inside said coll (15), a hole penetrating said inner iron core along the center axis of said inner Iron core in said direc- 

40 tlon of motion of said valve element (4), and an outer iron core (1 4) provided outside said coil (15); and said spring 
(12), which Is one of parts composing said primary oscillation system, and said linked movable member are 

Inserted In said hole. 

1 4. A fuel-injection valve according to claim 1 3, wherein a guide face for guiding motion of said linked movable member 
45 by contacting and supporting an outside peripheral surface of said linked movable member is shaped In the inside 

surface of said Inner Iron core (10), which forms said hole; and surface processing is applied on said guide face 
and/or said Inside surface of said Inner iron core (10), so as to improve the abrasion resistance of said guide face 
and/or said inside surface of said inner iron core (1 0). 

50 1 5. A fuel-Injection valve according to daim 1 , wherein a spring (1 2) is used as said force-applying member a spring 
so as to press said valve element (4) against said valve seat (3); said primary oscillation system (4. 12) includes 
said valve element (4) and said spring (12); and said secondary osdilatlon system, which Is located between said 
spring (12) and said valve element (4), Indudes a linked movable member which can move in said direction of 
motion of said valve element, and a mechanism (20, 21, 22) for damping the oscillation of said linked movable 

55 member. 

16, A fuel-injection valve according to daim 15, wherein said damper Is a damper region (22) composed of a convex 
portion (20) shaped in one part and a concave portion (21) shaped in the other part, of the bottom part of said 
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linked movable member (13'") and the top part of said valve element (4). respectively, which are facing each other, 

17. A fueMnJection valve according to datm 3. wherein said elastic part (17^ is ring-shaped, and notches (170) are 
formed in the inner peripheral part. 

18. A fuel-injection valve according to claim 17, wherein said elastic part (17') possesses three notches (170). 

19. An Infernal combustion engine including a fuel-Injection engine according to one of the claims 1 to 18. 
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FIG. 4 
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FIG. 5A 
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FIG. 7 A 
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FIG. 9 A 



FULLY-OPEN 
VALVE 



LU 

UJUJi- 
OOUI 



FULLY-CLOSED 
VALVE 





















































\ 

\ 












i 


1 












% 
1 
% 




\ 

\ 










K 


> 


# 





Tp=t1 Tp=t1 



TIME 



FIG. 9B 



FULLY-OPEN 
VALVE 



Z 
UJ 



LU 



UJ 
< UJ 



2 ^ tu 

UJ UJl- ^ 

OOujD 

FULLY-CLOSED 
VALVE 















DISPLAC 
"OF LINK 
MEMBEF 


JEMENT 
ED 














1 
1 

\ 


\ 












\ 
\ 
\ 


\ 












\ 
\ 
\ 
\ 


\ 






/ DISP 

OF Vi 


LACEME^ 
\LVE 


T 


1 
% 
\ 


\ 






ELEMENT 

1 


— \ 


\ L 


II 





t1 t2 



TIME 



20 



EP1 045 135 A2 



FIG. 10 
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FIG. 15 
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